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ABSTRACT
The damage threshold, feeding preference, and sampling methodology 
of the southern green stink bug (SGSB), Nezara viridula (L.), on fresh 
market tomatoes, Lycopersicum esculentum Mill., was studied. The effect 
of tomato fruit size and SGSB density and feeding duration on tomato 
circumference, weight, and days to maturity, as well as SGSB feeding 
frequency as indicated by the deposition of stylet sheaths, was 
quantified. Density and feeding duration had a significant effect on all 
four damage indices. Feeding frequency was influenced by density and 
feeding duration in a complex, nonadditive manner, but was not affected 
by fruit size. Most of the other relationships between infestation 
levels and the growth of tomatoes were linear, indicating that tomatoes 
would sustain a significant linear reduction in growth with incremental 
increases in SGSB density and feeding duration. The interactive effect 
of density and feeding duration were nonsignificant across all fruit 
damage indices. Feeding damage induced an early maturity of fruit and 
thereby reduced fruit size and weight.
The effect of SGSB density and feeding duration on the quality 
(grade) of tomatoes was quantified and analyzed with the log likelihood 
ratio test. Both density and feeding duration significantly affected 
grade. Because of highly significant interactions among grade, density, 
and feeding duration, the interaction term (bug-days) was used to 
develop polynomial regression models for the estimation of injury 
levels. The percentage fruit to be classified as US grade 1, 2, or 3
with a given feeding duration can be estimated with these equations.
With bug-days of 1.3 and 1.8, 90% of the fruit will be classified as 
grade 1 and grade 2, respectively.
Stylet sheaths deposited by SGSB during feeding were used as 
indicators of feeding frequency in a feeding preference study. Among 
green fruit of varying sizes, SGSB fed less frequently on fruit of 
intermediate size. The number of stylet sheaths per cm2 area on tomato 
fruit was inversely proportional to the size of the fruit. The average 
number of stylet sheaths deposited daily by individual SGSB ranged from 
7.9 to 9.8 in both laboratory and field choice feeding experiments, with 
the exception of one laboratory experiment. Among mature green and red 
tomatoes of the same size, SGSB significantly chose green fruit over red 
fruit and fed longer and more frequently on green than on red fruit.
Male SGSB produced significantly more stylet sheaths than females on 
green fruit. Total feeding time and the mean duration of proboscis 
insertion were similar in both sexes.
A visual count was used to sample SGSB populations from horizontal 
plant strata in a study of the spatial dispersion of SGSB on fresh 
market tomatoes. Sampling in the morning or afternoon revealed no 
significant differences in both SGSB within plant dispersion and time 
consumed in making counts. Significantly more SGSB individuals were 
sampled from fruit clusters than from vegetative structures. Strata 
containing fruit clusters had the lowest coefficients of variation (CV) 
and the highest mean SGSB counts. Values of mean SGSB, CV, relative 
variation, and relative net precision indicated that the penultimate
fruit cluster was the most efficient sampling unit among plant strata. 
Time consumed counting SGSB on each stratum ranged from three to ten 
seconds and showed little variation in mean or CV values. Regression 
equations estimating whole-plant populations of SGSB from individual 
fruit clusters were developed. The between-plant dispersion of SGSB 
fitted a Negative Binomial distribution with a moderate aggregation. A 
sequential sampling plan using the penultimate fruit cluster as a sample 
unit was developed to classify SGSB populations into light, moderate, 
and severe damage levels.
INTRODUCTION
The southern green stink bug (SGSB), Nezara viridula (L.)» has been 
a pest of crops in the United States for more than a century (Dewitt & 
Godfrey 1972). It is known to feed on 32 plant families (Hoffmann 1935) 
in southern Asia, Africa, Europe, Australia and the New World (Dewitt & 
Godfrey 1972). Although the damage it causes on many crops such as 
soybean, rice, corn, and cotton has been well studied, there is little 
published information on this insect's effect on tomato.
The bug feeds upon both the vegetative and reproductive structures 
of plants but prefers reproductive structures (Watson 1917, Kelsheimer & 
Wolfenbarger 1952, Michelbacher et al. 1952, Chalfant 1973, Hall &
Teetes 1982). It damages fresh market tomatoes by extracting sap from 
the fruit and leaving an undesirable cosmetic appearance on the fruit 
surface, thereby reducing fruit quality (Norill 1907, Doolittle 1943, 
Michelbacher et al. 1952, Rude 1982). Damage symptoms consist of a 
crystal-like white stylet sheath on the feeding site surrounded by a 
cloudy blotch. Stylet sheaths are formed by a salivary secretion which 
surrounds the stylet during penetration of the plant tissue (Mitchell 
1980). The discoloration on the fruit surface may be due to enzymes 
present in the saliva of the insect (Dearman 1960). Jones (1918) 
observed that feeding by SGSB nymphs caused a reduction in fruit size 
and, under severe conditions, fruit drop. The market value of fresh 
market tomatoes is influenced by both fruit grade (quality) and fruit 
size or weight (USDA 1975). In addition to direct feeding damage, SGSB
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have been shown to mechanically transmit tomato bacterial spot (Gardner 
& Kendrick 1923) and their feeding wounds enable plant pathogens to gain 
entry to the fruit (Doolittle 1943).
The biology and population dynamics of this pest have been studied 
extensively on soybeans (Schumann & Todd 1982) and rice (Dewitt &
Godfrey 1972). Populations of SGSB have been sampled with sweep nets 
(Stam 1978, Ragsdale et al. 1981, Schumann & Todd 1982) and a ground 
cloth technique (Walker & Sullivan 1978, 1979) in soybeans; sweep nets 
have also been used in alfalfa (Russell 1952). The dispersion of SGSB on 
soybean is clumped (Todd & Herzog 1980) while on rice it has been found 
to range from random (Hokyo & Kiritani 1962) to clumped (Nakasuji et al. 
1965). However, sampling techniques have not been developed for 
sampling SGSB on tomatoes, and its spatial dispersion has never been 
investigated. Moreover, sampling methods used for SGSB on other crops 
are inappropriate on tomatoes because they would damage the fragile 
plants.
The objectives of this study were to (1) quantify the relationship 
between SGSB feeding on fresh market tomatoes and subsequent damage to 
the growth and quality of the fruit and (2) develop an ability to 
estimate SGSB damage in the field by developing sampling methodology and 
a sequential sampling plan for classifying SGSB damage levels.
3
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CHAPTER I
SOUTHERN GREEN STINK BUG (HEMIPTERA: PENTATOMIDAE) 
DAMAGE TO FRESH MARKET TOMATOES
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Abstract
Southern green stink bug (SGSB), Nezara viridula (L.)» damage to 
fresh market tomatoes, Lycopersicum esculentum Mill., was studied during 
1983 and 1984. The effect of tomato fruit size and SGSB density and 
feeding duration on tomato circumference, weight, and days to maturity, 
as well as SGSB feeding frequency as indicated by the deposition of 
stylet sheaths, was quantified. Density and feeding duration had a 
significant effect on all four damage indices. Feeding frequency was 
influenced by density and feeding duration in a complex, nonadditive 
manner, but was not affected by fruit size. Most of the other 
relationships between infestation levels and the growth of tomatoes were 
linear, indicating that tomatoes would sustain a significant linear 
reduction in growth with incremental increases in SGSB density and 
feeding duration. The interactive effect of density and feeding duration 
was nonsignificant across all fruit damage indices. Feeding damage 




The southern green stink bug (SGSB), Nezara viridula (L.)» is a 
serious pest of many economically important crops (Hoffmann 1935). It 
has a strong feeding preference for the fruiting structures of plants 
(Watson 1917, Hall & Teetes 1982). On fresh market tomatoes, SGSB 
feeding damages the surface of the fruit, causing the development of 
cloudy blotches and surface depressions (Norill 1907, Doolittle 1943, 
Michelbacher et al. 1952, Rude 1982). The surface discoloration of fruit 
may be due to enzymes present in the insect's saliva (Dearman 1960). 
Jones (1918) observed that feeding by SGSB nymphs caused a reduction in 
fruit size and, under severe conditions, fruit drop. In addition to 
direct feeding damage, SGSB have been shown to mechanically transmit 
tomato bacterial spot (Gardner & Kendrick 1923) and their feeding wounds 
enable plant pathogens to gain entry to the fruit (Doolittle 1943).
The market value of fresh market tomatoes is influenced by both 
fruit grade (USDA 1975) and fruit size or weight. Although descriptive 
accounts of SGSB damage symptoms on tomatoes have been reported, the 
quantitative relationship between SGSB feeding and subsequent damage has 
not been investigated. Our study was designed to investigate the effect 
of fruit size and adult SGSB density and feeding duration on the feeding 
activity of SGSB as indicated by the deposition of stylet sheaths, and 
to determine the effect of SGSB feeding on tomato size, fruit weight, 
and days to maturity.
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Materials and Methods
Creole tomato seedlings were transplanted in the field at the 
Burden Research Plantation, Louisiana Agricultural Experiment Station, 
Louisiana State University, Baton Rouge, La., in both spring and fall of 
1983 and 1984. Plant beds were 0.5 m wide, 15 to 25 cm high, and 
fertilized (12-12-12 NPK) with 673 kg/ha. Seedlings were planted 46 cm 
apart in two rows (60 m long), and each plant was tied against a wooden 
stake (1 x 5 x 170 cm) with a 16-ply cotton twine three to four times
during the season. Standard growing practices were followed and plants
were pruned to maintain a single stem on each plant. Twenty nylon mesh 
cages (183 x 183 x 183 cm, size 16) were placed over groups of eight 
plants after the second fruit cluster appeared to keep insect pests from 
feeding on plants. Colonies of SGSB were collected on alfalfa at the 
Rice Research Station, in Crowley, La., and on soybean at the Burden 
Research Plantation. Wild colonies were reared in the laboratory with 
green beans and raw peanuts in aquaria (25.4 x 50.8 x 30.1 cm) at a 
27±2°C, 65±5% RH and 14:10 (L:D) photoperiod.
Experiments were conducted as completely randomized designs with 
five replications for each treatment combination. Treatments consisted 
of four SGSB densities (0, 4, 8, 12 in spring, 1983; 0, 2, 6, 10 in 
fall, 1983, spring 1984, and fall 1984; equal number of each sex), four 
feeding durations (1, 2, 3, 4 weeks in 1983 and 2, 4, 6, 8 days in
1984), and four fruit sizes (small, medium, large, and extra large).
Fruit sizes were categorized by the circumference (cm) at girth and were 
relative to the largest fruit available during each season (15.1-17.0,
17.1-20.0, 20.1-24.0, 24.1-28.0 in spring, 1983; 13.1-15.0, 15.1-19.0,
10
19.1-22.0, 22.1-24.0 in fall, 1983; 15.1-17.9, 18.0-21.5, 21.6-24.0,
24.1-30.0 in spring, 1984; 11.0-13.0, 13.1-15.9, 16.0-19.6, 19.7-24.0 in 
fall, 1984; sizes correspond to small, medium, large, and extra large, 
respectively). In 1983, a factorial arrangement with fruit size was not 
possible because of the long feeding durations. Therefore, 4-, 3-, 2-, 
and 1-week feeding durations were the maximum possible durations with 
small, medium, large, and extra large fruit, respectively. In 1984, a 
complete factorial design of SGSB density, feeding duration, and fruit 
size was used. Appropriate numbers of adults from the laboratory 
colonies were confined inside nylon sleeve cages (20 x 8 x 31 cm, size 
8) placed over selected fruit. Fruit treated with zero SGSB served as 
the control and were also caged. Except in spring, 1983, a transparent 
plastic bag (20 x 8 x 31 cm, 3.8 mm) open on both ends was placed around 
the outside of each sleeve cage to prevent SGSB from feeding on adjacent 
fruit or plant stems.
Sleeve cages, plastic bags, and SGSB were removed at the end of 
each feeding period. Large cages were left over plants until all fruit 
were harvested. The number of days elapsing between infestation and 
fruit maturity were recorded. In the laboratory, fruit circumference and 
weight were measured, and the number of stylet sheaths deposited by SGSB 
were counted under a binocular dissecting microscope. Due to an 
infestation of fusarium wilt (Fusarium oxysporum, f.s. lycopersici) in 
1984, data for small fruit in spring and the extra large fruit in fall 
were not collected.
The analysis of variance (ANOVA) was applied to analyze treatment 
effects (PR0C GLM, SAS 1985). Polynomial orthogonals were used as a 
post-ANOVA test to detect relationships between main effects and damage
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Indices. Coefficients of contrast for equally spaced SGSB densities (0, 
4, 8, 12) were obtained from Steel and Torrie (1980). Coefficients for 
unequally spaced SGSB densities (0, 2, 6, 10) were obtained with the 
ORPOL operator in the matrix procedure in SAS (PROC MATRIX, SAS 1979). 
Means were separated with Duncan's new multiple range test to compare 
the effects of different treatment levels (PROC GLM, SAS 1985).
In summer, 1986, a laboratory study was conducted to evaluate the 
effects of SGSB density and feeding duration on both the deposition and 
persistence of stylet sheaths on tomato fruit. Individual green tomato 
fruit were caged with two, six, or ten SGSB (equal number of each sex) 
for nine days inside a nylon mesh cage (20 x 8 x 31 cm, size 8). Each 
treatment had five replications. The number of stylet sheaths on each 
fruit was counted every three days. Each stylet sheath was marked with a 
fine tip pen near its base to identify which time period it was 
deposited in and to determine its persistence through subsequent time 
periods. Effects of SGSB density and feeding duration on the number of 
stylet sheaths deposited were analyzed with ANOVA (PROC GLM, SAS 1985). 




Stylet Sheaths. The deposition of stylet sheaths was not significantly 
affected by SGSB density in both the spring and fall in 1983. Feeding 
duration had a significant effect on the number of stylet sheaths in 
both seasons in 1983, but no significant linear or other polynomial 
relationships were found except for a quadratic effect (P=0.003) in the 
fall (Table 1). Thus, the nature of the relationship between feeding 
duration and the number of stylet sheaths cannot be discerned with these 
data. Although fruit exposed to higher SGSB densities had significantly 
more stylet sheaths than the lowest density, the increase was smaller 
than expected (Table 2). The number of stylet sheaths deposited in a 
4-week duration was less than a 3-week duration in both seasons, 
indicating that weekly feeding durations were too long to obtain a good 
response between these two variables. The absence of a linear or 
additive response could be explained by either a short half-life of the 
stylet sheaths or a reduced feeding by SGSB during the second, third, 
and fourth weeks because of their aging. It is plausible that stylet 
sheaths have a half-life of only a week or two, depending upon rainfall 
and other environmental factors. The laboratory experiment revealed a 
loss of less than 1% of the stylet sheaths during a 9-day feeding period 
(0.7%, 0.9%, and 0.7% with 2, 6, and 10 SGSB, respectively, Table 3).
The loss of stylet sheaths was not high enough to account for the lower 
than expected number of stylet sheaths associated with long feeding 
durations in field conditions. However, under field conditions rain and 
wind might reduce the half-life of the stylet sheaths considerably. 
Therefore, a conclusion can not be reached concerning the reason for the
Table 1. Analysis of variance for adult N. viridula density and feeding duration on the number of
stylet sheaths, circumference increase, weight, and days to maturity of tomatoes, 1983.
No. Stylet Sheaths Circum. Increase  Weight  Days to Maturity
Season Source jdf I? P>F_ d£ £  P>j? d£ J? P>_F df_ _F P>F
SGSB Density 2 1.95 0.147 3 5.19 0.002 3 1.77 0.054 3 12.59 0.001
linear effect 1 2.85 0.094 1 11.24 0.001 1 4.18 0.042 1 26.65 0.001
quadra, effect 1 0.69 0.409 1 3.79 0.053 1 0.89 0.347 1 9.61 0.002
cubic effect — — — 1 0.07 0.788 1 0.10 0.749 1 1.52 0.220
Feeding Duration 3 3.97 0.010 3 2.22 0.087 3 23.72 0.001 3 4.19 0.007
linear effect 1 2.35 0.128 1 2.75 0.099 1 46.95 0.001 1 6.85 0.015
quadra, effect 1 2.09 0.151 1 0.62 0.433 1 1.59 0.210 1 0.88 0.349
cubic effect 1 0.76 0.384 1 2.82 0.095 1 2.26 0.135 1 4.70 0.031
Density x Duration 6 1.37 0.232 9 1.43 0.181 9 0.49 0.880 9 1.16 0.320
Residual 107 171 172 170
SGSB Density 2 2.68 0.073 3 5.31 0.002 3 8.93 0.001 3 9.95 0.001
linear effect 1 2.03 0.066 1 14.59 0.001 1 25.91 0.001 1 28.55 0.001
quadra, effect 1 1.45 0.168 1 0.72 0.397 1 0.26 0.611 1 0.33 0.567
cubic effect — — — 1 0.61 0.437 1 0.61 0.436 1 0.95 0.330
Feeding Duration 3 5.51 0.001 3 4.03 0.008 3 12.68 0.001 3 2.54 0.058
linear effect 1 1.59 0.210 1 8.77 0.004 1 23.71 0.001 1 3.06 0.082
quadra, effect 1 9.11 0.003 1 0.19 0.665 1 2.03 0.156 1 0.75 0.389
cubic effect 1 0.31 0.576 1 0.09 0.998 1 0.60 0.439 1 0.87 0.353
Density x Duration 6 1.96 0.076 9 0.94 0.495 9 0.80 0.612 9 1.11 0.354
Residual 135 183 183 183
14
Table 2. Main effects of adult N. viridula density, weekly feeding 
duration, and fruit size on the number of stylet sheaths, 
circumference increase, weight, and days to maturity of fresh 
market tomatoes, 1983 .
No. Stylet Circumference Days to
Season Effect Sheaths Increase (cm) Maturity Weight (g)
Density
0 — 2.75 a 16.86 a 135.37 a
4 244.15 1.82 b 11.26 b 120.68 b
8 323.92 1.81 b 11.60 b 117.56 b
12 343.41 1.67 b 10.72 b 117.60 b
Duration (week)
1 185.95 b 2.45 a 14.70 a 154.70 a
2 239.27 a 2.40 a 14.40 a 110.67 b
Spring 3 234.55 a 1.65 b 11.03 b 100.73 b
4 220.71 a 1.98 ab 12.38 b 75.57 c
Fruit Size
small 206.61 a 2.77 a 16.45 a 80.58 d
medium 224.15 a 1.78 b 12.27 b 118.79 c
large 220.95 a 1.04 c 7.63 c 158.01 b
extra large 191.50 a 1.79 b 8.25 c 222.50 a
Density
0 — 3.72 a 28.36 a 196.10 a
2 454.17 3.23 ab 24.08 b 173.80 b
6 679.59 2.95 b 21.20 be 164.48 b
10 663.20 2.10 c 18.26 c 148.57 c
Duration (week)
1 337.27 b 3.84 a 25.20 a 193.38 a
2 509.83 a 3.52 ab 24.05 ab 169.03 b
Fall 3 580.50 a 3.07 be 24.52 ab 143.34 c
4 424.00 ab 2.47 c 20.68 b 141.10 c
Fruit Size
small 407.72 a 4.30 a 27.39 a 141.38 c
medium 418.10 a 2.93 b 24.33 a 156.47 c
large 556.50 a 1.57 c 17.95 b 205.81 b
extra large 477.00 a 0.92 c 11.45 c 259.20 a
a Means followed by the same letter are not significantly different
(a=0.05) with Duncan's new multiple range test (PROC GLM, SAS 1985).
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Table 3. Deposition and loss of stylet sheaths at 3 day intervals with 
different viridula densities on tomatoes in the laboratory.
No. of Stylet Sheaths ANOVA3
Feeding Period 2 SGSB 6 SGSB 10 SGSB F
First 3 day period 40.4 236.4 327.0 41.4**
First 3 day per SGSB 20.2 39.4 32.7 10.8**
Loss 3 days later 0.5 0.4 0.3
Loss 6 days later 0.5 0.8 0.5
Second 3 day period 83.2 299.6 499.2 50.6**
Second 3 day per SGSB 41.6 49.9 49.9 1.3NS
Loss 3 days later 0.4 0.4 0.9
Third 3 day period 121.2 235.0 360.2 14.9**
Third 3 day per SGSB 60.6 39.2 36.0 9.5**
AN0VAa : F 25.5** 3.9* 4.4*
Total deposited in 9 days 244.8 771.0 1186.4 85.9**
Total deposited per SGSB 122.4 128.5 118.6 0.5
Total loss per SGSB 0.9 1.2 0.9
Percent loss of sheaths 0.7% 0.9% 0.7%
a Degrees of freedom are 2 for treatment and 12 for error in each test. 
* significant, ** highly significant, NS not significant (ct=0.05).
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nonadditive relationship between SGSB density and feeding duration on 
the number of stylet sheaths.
Fruit size had no effect on the deposition of stylet sheaths in 
both the spring and fall seasons; evidently fruit size did not influence 
the feeding frequency of SGSB. Overall, less stylet sheaths were 
deposited in the spring than in the fall, although SGSB densities in the 
spring were higher. This discrepancy may be due to differences in SGSB 
colonies used and/or the weather in different seasons. Viator et al. 
(1983) reported that low temperatures reduced the number of stylet 
sheaths deposited on wheat by the rice stink bug, Oebalus pugnax (F.).
Feeding duration and SGSB density had a significant effect on the 
number of stylet sheaths deposited in 1984 (Table 4). More stylet 
sheaths were present on fruit exposed to higher SGSB densities or longer 
feeding durations (Table 5). Fruit size had no influence on the number 
of stylet sheaths deposited, as in 1983. In contrast to 1983, the short 
term feeding durations in 1984 exhibited significant linear 
relationships between treatments and the deposition of stylet sheaths.
In the laboratory experiment, the total number of stylet sheaths 
increased as density increased for each feeding period, indicating a 
good response between stylet sheath deposition and feeding duration with 
time periods less than ten days (Table 3). Bug density had no effect on 
the mean number of stylet sheaths deposited per individual during the 
nine day feeding period, although significant differences among the 
three 3-day feeding periods within each density level were present. 
Individual SGSB in high densities (6 and 10 SGSB) fed more frequently 
during the first six days but fed less frequently during the last three 
days. This trend was not present with individuals in the low density
Table 4. Analysis of variance for adult N. viridula density and feeding duration on the number of
stylet sheaths, circumference increase, and weight of tomatoes, 1984.
No. Stylet Sheaths Circum. Increase Weight
Season Source df F p>F df P>F df F P>F
SGSB Density 2 56.06 0.001 3 2.98 0.032 3 2.13 0.098
linear effect 1 107.59 0.001 1 8.24 0.005 1 5.08 0.025
quadra, effect 1 4.73 0.031 1 0.54 0.463 1 0.42 0.519
cubic effect — — — 1 0.23 0.630 1 0.72 0.396
Spring
Feeding Duration 3 61.79 0.001 3 2.47 0.063 3 2.05 0.108
linear effect 1 183.82 0.001 1 6.57 0.011 1 5.07 0.025
quadra, effect 1 0.14 0.710 1 0.08 0.773 1 0.25 0.618
cubic effect 1 0.65 0.421 1 0.94 0.334 1 1.27 0.261









SGSB Density 2 28.75 0.001 3 8.76 0.001 3 24.86 0.001
linear effect 1 57.38 0.001 1 24.16 0.001 1 68.49 0.001
quadra, effect 1 0.15 0.696 1 1.34 0.249 1 4.03 0.046
cubic effect — — — 1 0.27 0.607 1 0.52 0.471
Fall
Feeding Duration 3 8.34 0.001 3 1.28 0.282 3 1.23 0.301
linear effect 1 24.52 0.001
quadra, effect 1 0.07 0.797
cubic effect 1 0.52 0.438










Table 5. Main effects of adult N. viridula density, daily feeding 
duration, and fruit size on the number of stylet sheaths, 


















6 510.32 b 2.30 b 156.53 b
10 619.46 a 2.28 b 159.84 b
Duration (day) 
2 157.86 b 3.08 a 181.06 a
Spring 4 265.05 b 2.59 ab 164.57 ab
6 421.98 a 2.58 ab 166.57 ab
8 533.04 a 2.20 b 156.13 b
Fruit Size 
medium 368.97 a 4.35 a 128.65 c
large 355.10 a 2.06 b 154.10 b
extra large 316.06 a 1.41 c 221.43 a
• Density0 4.75 a 115.55 a
2 265.66 c 3.47 b 91.15 b
6 395.82 b 3.09 b 81.70 be





























medium 293.34 a 3.22 b 84.80 b
large 323.81 a 1.71 c 103.74 a
a Means followed by the same letter are not significantly different
(a=0.05) with Duncan's new multiple range test (PROC GLM, SAS 1985).
treatment (2 SGSB). This decline in feeding frequency after the sixth 
day provides a possible explanation for the nonsignificant difference in 
the number of stylet sheaths between 6- and 8-day feeding durations in 
the field during both seasons in 1984 (Table 5). An additive response 
between stylet sheath deposition and feeding duration was not present in 
either field or laboratory conditions. This suggests that the feeding 
frequency of SGSB is affected by both density and feeding time in a 
complex and nonadditive manner. Overall, these results demonstrated that 
daily durations were more powerful than weekly durations in detecting 
the impact of feeding duration and SGSB density on the deposition of 
stylet sheaths in field conditions.
Circumference Increase. In 1983, SGSB density had a highly significant 
(JP<0.01) linear effect on the fruit circumference increase in both the
spring and fall (Table 1). However, feeding duration was only
significant in the fall, although it approached significance in the 
spring (P=0.087). No significant interactive effects of feeding duration 
and SGSB density were detected in 1983. Although undamaged (0 density) 
tomatoes grew less in circumference in the spring (2.75 cm) than in the 
fall (3.75 cm), a trend was evident. Tomatoes infested with high SGSB 
densities or long feeding durations grew less in circumference than 
fruit exposed to lower densities or shorter feeding durations (Table 2). 
Undamaged fruit grew significantly larger in circumference than fruit 
infested with more than four SGSB. The difference in the circumference
increase between zero and the lowest SGSB density in the fall was not
significant, indicating that two SGSB did not appreciably affect tomato 
growth. As expected, tomatoes of smaller size grew more in circumference 
than larger tomatoes. The overall increase in circumference in the fall
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was greater than in the spring, probably due to differences in the 
environment and plant vigor between seasons.
In 1984, the increase in circumference was significantly influenced 
by both SGSB density and feeding duration in the spring, but was not by 
the feeding duration in the fall (Table 4). A significant linear effect 
of feeding duration on fruit circumference was detected in the spring 
whereas the main effect of feeding duration was nonsignificant in the 
fall. However, a clear trend with these two effects existed in both 
seasons (Table 5). Tomatoes infested with higher SGSB densities and 
longer feeding durations grew less in circumference than tomatoes with 
lower SGSB densities and shorter feeding durations. Undamaged tomatoes 
grew significantly larger than tomatoes infested with six or ten SGSB in 
both seasons. Jones (1918) reported that tomatoes infested with SGSB 
nymphs grew less than undamaged tomatoes. Tomatoes in 1984 grew more in 
circumference than tomatoes in 1983 at similar levels of bug density and 
fruit size. This indicates that the long term (weekly) feeding durations 
in 1983 had a greater impact on the growth of tomatoes than the short 
term (daily) feeding durations in 1984.
Fruit Weight. Both SGSB density and feeding duration had a highly 
significant (P<0.01) effect on fruit weight in 1983 (Table 1). Undamaged 
tomatoes gained significantly more weight than damaged tomatoes in both 
seasons (Table 2). A feeding duration in excess of one week resulted in 
a significantly smaller tomato weight than a one week feeding duration 
in both seasons. Fruit originally categorized as small fruit had smaller 
weight at harvest in both seasons, indicating that fruit weight may have 
been predetermined by the selected fruit size before SGSB were placed on 
plants.
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In 1984, both SGSB density and feeding duration did not 
significantly affect fruit weight, except for SGSB density in the fall 
(Table 4). With the short term feeding durations in 1984, mean 
separation of fruit weight was significant (Table 5) but the magnitude 
of the differences was not as pronounced as with the long term feeding 
durations of 1983 (Table 2). Similar to the results in 1983, fruit 
weight in 1984 was predetermined by the selected fruit size before the 
plants were infested.
Days to Maturity. In 1983, days to maturity was significantly 
influenced by SGSB density and feeding duration in both seasons (Table 
1). Tomatoes exposed to higher SGSB densities and longer feeding 
durations matured earlier than those infested with lower SGSB densities 
and shorter feeding durations (Table 2). These results correlate with 
data on the increase in fruit circumference and fruit weight. Undamaged 
fruit had a significantly greater increase in circumference, longer days 
to maturity, and heavier weight at maturity than damaged fruit, 
indicating that damaged fruit matured early, were smaller in size, and 
lighter in weight. Overall, the days to maturity were shorter in the 
spring than in the fall.
Our study demonstrated the deposition of stylet sheaths was 
significantly affected by SGSB density and feeding duration but not by 
fruit size. Most of the relationships between treatments and the growth 
of tomatoes were linear, indicating that tomatoes would sustain a 
significant linear reduction in growth with incremental increases in 
SGSB density and feeding duration. The interactive effects of SGSB 
density and feeding duration were nonsignificant across all fruit damage 
indices in 1983 and 1984. Feeding durations in excess of one week were
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too long to reveal treatment effects on the deposition of stylet 
sheaths. Data from the short term (daily) feeding durations were able to 
discern the relationship between bug density and stylet sheath 
deposition. However, the longer feeding durations produced greater 
differences in fruit weight, circumference increase, and days to 
maturity. The damage of SGSB on tomatoes induced an early maturity of 
fruit and thereby reduced fruit size and weight. Although the size and 
weight of tomatoes at harvest influences the market value of tomatoes, 
the grade of the fruit is of critical importance. Therefore, the 
influence of SGSB infestations on fruit quality needs to be examined to 
more precisely define the economic impact and damage threshold of SGSB 
on fresh market tomatoes.
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CHAPTER II
SOUTHERN GREEN STINK BUG (HEMIPTERA: PENTATOMIDAE) 
INJURY TO FRESH MARKET TOMATO QUALITY
25
Abstract
Southern green stink bug (SGSB), Nezara viridula (L.), damage to 
fresh market tomato, Lycopersicum esculentum Mill., quality was studied 
in 1984. The effect of SGSB density and feeding duration on the quality 
(grade) of tomatoes was quantified and analyzed with the log likelihood 
ratio test. Both bug density and feeding duration significantly affected 
grade. Because of highly significant interactions among grade, density, 
and feeding duration, the interaction term (bug-days) was used to 
develop polynomial regression models for the estimation of injury 
levels. The percentage fruit to be classified as US grade 1, 2, or 3 
with a given feeding duration can be estimated with these equations.
With bug-days of 1.3 and 1.8, 90% of the fruit will be classified as 
grade- 1 and grade 2, respectively.
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Introduction
The southern green stink bug (SGSB), Nezara viridula (L.), damages 
fresh market tomatoes by extracting sap from the fruit and leaving an 
undesirable cosmetic appearance on the fruit surface, thereby reducing 
fruit quality (Michelbacher et al. 1952, Rude 1982). Damage symptoms 
consist of a crystal-like white stylet sheath on the feeding site 
surrounded by a cloudy blotch. Stylet sheaths are formed by a salivary 
secretion which surrounds the stylet during penetration of the plant 
tissue (Mitchell 1980). Lye et al. (1987) reported that damaged tomatoes 
matured early, ripened unevenly, and had a smaller size and lighter 
weight. Secondary infestaton by disease pathogens carried by SGSB during 
feeding may occur (Gardner & Kendrick 1923, Doolittle 1943, Dearman 
I960)-. Although several insecticides have been evaluated for the control 
of SGSB (Rude 1982, Schuster 1985, Waddill 1986), the damage threshold 
of this pest to tomato quality has not been investigated.
Measurements of plant quality are typically based upon an ordinal 
scale, thereby precluding the use of analysis of variance and other 
parametric statistical methods. The x2 test of goodness of fit is often 
used in these situations, but the application of this test with small 
sample sizes is questionable (Conover 1980). Sokal and Rohlf (1969) 
demonstrated that the log likelihood ratio test (or G test) fits the x2 
distribution better than an ordinary x2 test, requires less computation 
effort, and permits some types of detailed analyses which are impossible 
with the x2 test. Furthermore, the log likelihood ratio test may be more 
powerful than the x2 test when low observation frequencies are present. 
In spite of these advantages, this procedure has been largely ignored by
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entomologists.
In this study we examine the influence of SGSB density and feeding 
duration on the quality (grade) of fresh market tomatoes. We employ the 
log likelihood ratio test to analyze the effect of SGSB on tomato grade, 
and develop an injury level for each tomato grade.
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Materials and Methods
Creole tomato seedlings were transplanted in the field at the 
Burden Research Plantation, Louisiana Agricultural Experiment Center, in 
Baton Rouge, La., in spring and fall, 1984. Plants were spaced 46 cm 
apart in two rows (each 60 m long) and each plant was tied against a 
wooden stake (2 x 5 x 170 cm) with a 16-ply cotton twine three to four 
times during the season. Standard growing practices were followed and 
plants were pruned to maintain a single stem on each plant. After the 
second fruit cluster became visible, plants were covered with 183 x 183 
x 183 cm nylon mesh (size 16) cages to keep insect pests from feeding on 
the plants. Colonies of SGSB were collected on alfalfa at the LSU Rice 
Research Station, Crowley, La., and on soybean at the Burden Research 
Plantation. Wild colonies were reared in the laboratory with green beans 
and raw peanuts in aquaria (25 x 51 x 30 cm) at a 27±2°C, 60±5 % RH and 
14:10 h (L:D) photoperiod.
Fruit Quality. Experiments were conducted with completely randomized 
designs with 20 replicates for each treatment combination. Treatments 
consisted of the combination of four densities (0, 2, 6, and 10 SGSB), 
and four feeding durations (2, 4, 6, and 8 days). Fruit were selected 
randomly within a range of circumferences from 13 to 30 cm in the spring 
and 11 to 24 cm in the fall. Appropriate numbers of adults from the 
laboratory colonies were confined inside nylon sleeve cages (20 x 8 x 31 
cm, size 8) placed over selected fruit. A transparent plastic bag (20 x 
8 x 31 cm) open on both ends was placed around the outside of each 
sleeve cage to prevent SGSB from feeding on adjacent fruit or plant 
stems. Fruit infested with zero SGSB served as control and were also
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caged.
Sleeve cages, plastic bags, and SGSB were removed at the end of 
each feeding period. Large cages were left over plants until all fruit 
were harvested. Fruit were inspected for blemished areas and the 
aggregate area on the fruit surface with obvious depressions, cloudy 
blotches, and discolorations caused by the feeding of SGSB was estimated 
by visual inspection. A grading system based on the USDA fresh market 
tomato shipping point and market inspection instructions (USDA 1975, 
1976) was used to classify each fruit into three possible grades: grade 
1, grade 2, or grade 3. According to USDA guidelines, a tomato 6.3 cm in 
diameter may have an aggregate defect or blemish area not exceeding 0.9 
cm diameter to classify as a US No. 1 grade, between 0.9 cm and 1.6 cm 
diameter for a US No. 2 grade, and a 2.5 cm diameter or greater for a US 
No. 3. grade. Thus, proportionately greater amounts of blemished area are 
permitted on larger tomatoes while smaller amounts are permitted on 
smaller tomatoes. Fruit not exposed to SGSB served as a control and were 
classified as grade 1 because of the absence of damage by SGSB.
Analyses of Tomato Quality. Parametric analyses could not be applied 
because the measurement of fruit quality (grade) was ordinal. The sample 
size in each grade under each treatment combination was sometimes small 
(less than five), thus, an ordinary x2 test could not be applied without 
a considerable amount of cell grouping (Siegel 1956, Conover 1980). 
Therefore, data were analyzed with a log likelihood ratio test (G test, 
Sokal & Rohlf 1969) developed by Kullback (1959). The effects of SGSB 
density and feeding duration on the grade of tomatoes were evaluated 
with three test levels (independence, homogeneity, and interaction) in 
the partitions of the log likelihood ratio test. A x2 distribution table
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was used to obtain the probability of the G value at a given degree of 
freedom.
In a two way contingency table, the hypothesis of the independence 
test is that the event of an observation in row î is independent of the 
event of an observation in column j_. The null hypothesis and its 
alternative are as follows:
H^: jP(row i, column j_) = jP(row i) x P(column j) for all JL, j_.
H^: £(row _i, column j_) * J?(row i_) x J?(column j_) for all _i, j_.
The simple general rule for computation of the G value of the
independence test in a two way classification is:
G=2[( If In _f for the cell frequencies)
-(If_ In _f for the row and column totals) + N In N ]
_f = frequency, N_ = grand total, df_ = (r̂ -1) (c-1)
Based on the same theory, factors in a three way classification
(row, column, and depth) are independent if and only if the row
classification is independent of the pair column and depth 
classifications, and the column and depth classifications are also 
independent (Kullback 1959). The null hypothesis and its alternative in 
a three way classification are:
H^: JP(row i, column j_, depth k) = P(row jL) x P(column j_) x £(depth k) 
for all _i, j_, and It 
H^: J?(row jL, column depth Jt) * P^(row jL) x JP(column j) x JP(depth k) 
for some jL, or k.
The general rule for computation of the G_ value of the independence 
test in a three way classification is:
<3=2[( I£ In t_ for the cell frequencies)
-(Ef. In f_ for the row, column, and depth totals) + 2N In N ]
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t_ = frequency, fl = grand total, df = rcd-r-c-d+2
The homogeneity test is used to test that all of the probabilities 
in the same column are equal to each other in a two way contingency 
table. In a three way classification (row, column, and depth), one class 
is treated as independent samples of the remaining two classes and the 
homogeneity of these two classes over the independent samples is then 
tested. If depth is treated as the independent sample, for example, the 
null hypothesis and its alternative in this three way classification 
will be:
For calculating the £  value in this example, a two way table of row 
and column is constructed regardless of the depth class, and the 
formula is as follows:
G=2[( Zf_ In f̂ for the cell frequencies)
-(Ej£ In £_ for depth totals + Zf̂  In f for total of depth of each 
cell in row and column table)
+ N In N ]
f_ = frequency, N_ = grand total, df = (d—1) (rc-1) 
Theoretically, the terms interaction and independence are used 
interchangeably when they are used to interpret the relationship between 
two classes, though the later tern is preferred (Kullback & Gokhale 
1978). The method of calculating the (J value and the degrees of freedom 
are the same among independence, interaction, and homogeneity tests. In 
a three way classification, however, the interaction test is calculated
i - 1, 2, • 9 r (number of row)
~  1» 2, • • 9 c (number of column)
k = 1, 2 • 9 cl (number of depth)
H : P * P
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differently from the independence and homogeneity tests. The interaction 
is treated as one of the partitions in the three way independence and 
homogeneity tests since any pair of these three classes must be tested 
for its homogeneity at the given third class before the overall three 
way interaction can be tested. In this analysis, the meaning of 
interaction is less important than that of independence and homogeneity 
because the grade, as a response factor, is assumed to be incapable of 
interacting with the other treatment factors.
Examples of partitions of independence and homogeneity tests are 
shown in Table 1. The method for calculating the £  value for the 
interaction in a three way classification and its degrees of freedom are 
as follows:
Gj=2[( Ef In f_ for the cell frequencies)
■ -(Ef. In f̂ for total of depth in each cell of row and column table)
— ( In f̂ for total of column in each cell of row and depth table)
-(Ef In £  for total of row in each cell of column and depth table)
+ (EJ[ In JE for row, column, and depth totals)
- N In N ]
f_ = frequency, N = grand total, df = (r-1) (c-l) (d-1)
Injury Levels. A laboratory experiment was conducted in the fall,
1984, to supplement field data by studying the effect of low SGSB 
densities and short feeding durations on fruit quality. Ten mature green 
fruit were set in an aquarium (25 x 51 x 30 cm) and exposed to ten 
SGSB for three days. The experiment was replicated three times. Tomatoes 
and SGSB were kept in the same laboratory conditions as described in the 
rearing of SGSB colonies. Bugs were removed from aquaria three days 
later and fruit grade was evaluated after fruit turned red. Fruit grade
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was classified with the USDA guidelines described above. The percentage 
of fruit in each grade category from both the field and laboratory 
studies were used to develop polynomial regression models (PROC REG, SAS 
1985). Because the interactive effect (bug-days) of SGSB density and 
feeding duration had a strong influence on fruit grade in the above log 
likelihood ratio test, bug-days were regressed on the percentage of 
fruit in each grade. Injury levels were developed using bug-days to 
estimate the grade of tomato lots based upon the USDA guidelines for 
fresh market tomatoes (USDA 1976).
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Results and Discussion
Damage Symptoms. Damage symptoms of SGSB on tomatoes were similar to 
that described by Michelbacher et al. (1952). Stylet sheaths were 
scattered on the surface but depressions were rarely present. The most 
obvious damage symptom was a blemish which consisted of a discoloration 
around the stylet sheath; these blemishes sometimes coalesced to form a 
cloudy blotch when there was a cluster of stylet sheaths. The color of 
severely damaged areas on the fruit turned red prematurely and produced 
an uneven coloration as fruit began to mature. Secondary infestation 
from Buckeye Rot disease (Phytophthora spp.) was observed on some of the 
severely damaged fruit. This disease first infested tomatoes through the 
feeding wounds or the cracks on the fruit surface and gradually expanded 
to the remainder of the fruit. At the time of harvest, rotten tomatoes 
were discarded if the rotten area had expanded to the undamaged portion 
of the fruit.
Fruit Quality. Data from the spring and fall seasons were merged and 
analyzed with a log likelihood ratio test to quantify relationships 
among fruit grade, SGSB density, and feeding duration (Table 1). The 
relationship among fruit grade, SGSB density, and feeding duration 
(GxBxD) was highly significant (P<0.01), indicating that these factors 
were closely related. The independence test was first partitioned into 
two subhypotheses, Hypothesis 2 and 3, in order to reveal the source 
which contributed to this close relationship. The test of Hypothesis 2 
revealed a homogeneous (nonsignificant) distribution of frequencies in 
the contingency table with SGSB density and feeding duration (BxD). This 
was expected, because the frequencies represented the total number of
Table 1. The log likelihood ratio test on the relationships among fruit grade (G), N. viridula 












2 3 Hypothesis3 df £  Value Prob.
2 9 4 9
2 4 8 10 14 1. GxBxD (independence) gbd-g-b-d+2=28 109.5 < 0.01
6 0 10 20
8 1 8 19 2. BxD (homogeneity) (b-1)(d-l)=6 1.7 0.93
3. G(BxD) (G homogeneity (g-1)(bd-l)=22 107.8 < 0.01
2 3 4 18 over BxD)
6 4 0 10 18 4. GxB (homogeneity) (g-1)(b-l)=4 31.9 < 0.01
6 0 0 27 5. (GxD)B (G,D homogeneity (g-1)(d-l)b=18 75.9 < 0.01
8 0 1 26 on condition of B)
6. GxD (homogeneity) (g-1)(d-l)=6 47.1 < 0.01
2 2 11 16 7. GxBxD (interaction) (g-1)(b-1)(d-l)=12 28.8 < 0.01
10 4 0 7 19
6 0 2 25





fruit assigned in each treatment combination. Both density and feeding 
duration were independent variables. The test of Hypothesis 3 revealed a 
strong influence of the pair SGSB density and feeding duration on fruit 
grade (G(BxD)), indicating that this relationship contributed 
substantially to the significant relationship among these three factors 
in the independence test.
A further partitioning was conducted to identify the source of the 
heterogeneity present in Hypothesis 3 by testing the relationship 
between the other two possible combinations, GxB and GxD. The 
homogeneity of grade frequencies over SGSB density was tested in 
Hypothesis 4 (GxB) and the influence of SGSB density on the homogeneity 
of grade frequencies over feeding duration was tested in Hypothesis 5, 
(GxD)B. Frequencies of grade were highly (P<0.01) heterogeneously 
distributed over SGSB density and grade frequencies were also highly 
(P<0.01) heterogeneously distributed over feeding duration within each 
SGSB density level. These results indicated that the source of 
heterogeneity present in Hypothesis 3 was due to the strong effect of 
both SGSB density and feeding duration.
Hypothesis 6 was a partition of Hypothesis 5, conducted to identify 
the source of heterogeneity in Hypothesis 5 by testing the relationship 
between grade and duration. A highly (P<0.01) heterogeneous distribution 
of grade frequencies across SGSB density was revealed. Another partition 
of Hypothesis 5 was Hypothesis 7, which tested the contribution of the 
interaction among these three factors to the significant relationship 
detected in Hypothesis 1. The highly (P<0.01) significant interaction in 
Hypothesis 7 indicated that there were interactive effects among fruit 
grade, SGSB density, and feeding duration which contributed to the
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significance of the independence test in Hypothesis 1. Since fruit grade 
was a dependent variable, the only other meaningful interaction of 
independent variables was SGSB density and feeding duration (BxD). The 
strong interaction of SGSB density and feeding duration had been shown 
in Hypothesis 3. Because of the highly significant interactions among 
grade, density, and feeding duration, the interaction term 'bug-days' 
(BxD) was used in developing regression models for the development of 
injury levels.
Injury Levels. The percent fruit in each of the three grades at each 
bug-day level was calculated (Table 2). All of the fruit infested with 
an average of one SGSB per fruit in the laboratory experiment were 
classified as grade 1. Therefore, it was assumed that 100% of the fruit 
would be classified as grade 1 with an infestation level of three 
bug-days per fruit. Polynomial regression models for percent fruit in 
each grade had very high coefficients of determination, indicating that 
these models had a high reliability in estimating fruit grade. The USDA 
tolerance limit for tomatoes at shipping points for each grade level 
allows no more than 10% of the tomatoes in any lot to fail the required 
grade (USDA 1976). The injury level of a given bug-day can be estimated 
from the illustrations of these models by using the USDA guidelines 
(Figure 1). If a tomato lot is to be US Grade 1, it must contain 90% or 
more grade 1 fruit. The estimated bug-days for obtaining 90% grade 1 
fruit is 1.3 bug-days per fruit. Since a US Grade 2 lot may contain both 
grade 1 and grade 2 fruit, the injury level for a US Grade 2 production 
is 1.8 bug-days per fruit, which is obtained from both grade 1 and grade 
2 models. An injury level of 2.4 bug-days or more per fruit for a US 
Grade 3 production is estimated from all three grade models. The fruit
Table 2. Polynomial regression models and effects of bug-days on tomato quality in 1984.
Bug-days % Grade la % Grade 2 % Grade 3 Polynomial Regression Model^ R2
0 100.00 0 0
3 100.00 0 0
4 40.91 18.18 40.91
8 25.00 31.25 43.75 % grade 1 fruit = 103.695-11.589(bug-days) 0.881
12 5.45 25.45 69.10 +0.314(bug-days)2
16 3.57 28.57 67.68
20 6.90 37.93 55.17 % grade 2 fruit = 3.379(bug-days)-0.105(bug-days)2 0.837
24 0 35.17 64.29 +0.0008(bug-days)3
36 0 0 100.00
40 0 26.92 73.08 % grade 3 fruit = 1.770(bug-days) 0.833
48 0 3.70 96.30
60 0 7.41 92.59
80 0 3.70 96.59
a Bug-days > 24 were not used in the calculation of the regression model for % grade 1 fruit, 
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Figure 1. Relationship between bug-days (IJ. viridula density x feeding 
duration) and the percentage of fruit classified as US grade 
1, 2, and 3.
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in a lot of grade 3 fruit are considered culls and may sell for 
substantially less than grade 1 fruit in the fresh fruit market if 
buyers are available, used in processing, or destroyed. These injury 
levels are based on the assumption that SGSB are distributed randomly 
among plants, feed randomly among fruit, and the size of fruit has no 
effect on feeding frequency.
An infestation level of 2.4 bug-days per fruit implies 2.4 bugs per 
fruit on a plant (ca. 12.5 bugs per fruit cluster) in one day or any 
other possible combination of the number of SGSB and the projected 
feeding period. Therefore, these injury levels vary depending upon the 
projected feeding period. Lye et al. (1987) reported that feeding 
durations and SGSB densities with bug-days as low as 10 to 20 could 
significantly reduce fruit weight and circumference at maturity. The 
injury level for tomato grade obtained in the present study indicates 
that the threshold for damage due to cosmetic injury is much lower than 
the threshold for weight loss and fruit size reduction. With processing 
tomatoes, the higher injury level obtained by Lye et al. (1987) would be 
more appropriate.
The log likelihood ratio test was used in analyzing the 
relationships among important factors in a three way contingency table 
of many small frequency cells. It should be considered for use by 
entomologists in the analysis of qualitative data for its advantages 
when many small cell frequencies are present and the information that 
can be obtained by partitioning the data with a series of hypothesis 
tests. Injury levels were developed for each grade which depend upon the 
projected feeding period. The regression equations are based on the 
simplifying assumptions that SGSB are randomly distributed in fruit
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clusters, have no preference for fruit size, and fruit size does not 
affect feeding frequency. Secondary infestations by plant pathogens 
through feeding wounds made by SGSB in certain cases may overwhelm the 
impact of direct SGSB damage.
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CHAPTER III
FEEDING PREFERENCE OF THE SOUTHERN GREEN STINK BUG 




The feeding preference of the southern green stink bug (SGSB), 
Nezara viridula (L.)» for size and maturity of tomato fruit,
Lycopersicum esculentum Mill., was studied using stylet sheaths as 
indicators of feeding frequency. Among green fruit of varying sizes,
SGSB fed less frequently on fruit of intermediate size. The number of 
stylet sheaths per cm2 area on tomato fruit was inversely proportional 
to the size of the fruit. The average number of stylet sheaths deposited 
daily by individual SGSB ranged from 7.9 to 9.8 in both laboratory and 
field choice feeding experiments, with the exception of one laboratory 
experiment. Among mature green and red tomatoes of the same size, SGSB 
significantly chose green fruit over red fruit and fed longer and more 
frequently on green than on red fruit. Male SGSB produced significantly 
more stylet sheaths than females on green fruit. Total feeding time and 
the mean duration of proboscis insertion were similar in both sexes.
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Introduction
The southern green stink bug (SGSB), Nezara viridula (L.)> feeds 
upon both the vegetative and reproductive structures of plants but 
prefers reproductive structures (Chalfant 1973). Watson (1917) and 
Kelsheimer & Wolfenbarger (1952) reported SGSB feeding on tomato stems 
and green fruit. N. viridula injure tomato fruit directly by reducing 
fruit quality and under severe conditions by causing fruit drop 
(Michelbacher et al. 1952, Chalfant 1973).
Fresh market tomatoes flower and set fruit for an extended period 
of time (Bouquet 1932), with individual inflorescences developing 
sequentially. Thus, tomato fruit of the same cluster are not the same 
size and maturity at a given time. If SGSB feed on fruit selectively, 
plants subject to a given bug density may have varying degrees of fruit 
quality at harvest. An understanding of SGSB feeding preference for 
fruit size and maturity is necessary for estimating the impact of SGSB 
densities on tomato plants. Our study was conducted to investigate the 
feeding preference of SGSB for the size and maturity of tomato fruit 
using stylet sheaths as indicators of feeding.
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Materials and Methods
Creole tomato seedlings were transplanted (46 cm spacing) in the 
field at the Burden Research Plantation, Louisiana Agricultural 
Experiment Station, Baton Rouge, La., in spring and summer during 1984 
and 1985. Soil was fertilized at the rate of 673 kg/ha (12-12-12 N-P-K) 
before being plowed into rows 1.2 m wide with plant beds 15 to 25 cm 
high and 0.5 m wide. Each seedling was tied against a wooden stake (2 x 
5 x 200 cm) with 16-ply cotton twine. Common growing practices were 
followed; plants were staked and pruned to maintain a single stem on 
each plant.
Colonies of SGSB were collected on soybean at the Burden Research 
Plantation and on alfalfa at the Rice Research Station, Louisiana 
Agricultural Experiment Station in Crowley, La. Bugs were reared in the 
laboratory with green beans and raw peanuts in aquaria (25.4 x 50.8 x
30.5 cm) at a 27±2°C, 60±5% RH and 14:10 h (L:D) photoperiod. Stylet 
sheaths, as used by Bowling (1979, 1980) with the rice stink bug, 
Oebalus pugnax (F.), on rice and SGSB on soybean, were used as 
indicators of feeding activity.
Feeding Preference for Fruit Size. Feeding preference of SGSB for 
fruit size was evaluated in three laboratory and one field study. For 
the laboratory studies, fruit were collected from plants at the Burden 
Research Plantation and categorized into several fruit size classes 
based on the circumference at girth. Experiments were conducted in a 
completely randomized design with treatments of five to ten fruit size 
categories in spring 1984, fall 1984, and spring 1985. One fruit was 
selected from each of the different size categories and mixed together
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in an aquarium (25.4 x 50.8 x 30.5 cm). Stink bug adults starved for 24 
h were released into the cage using a density of 3.3 SGSB per fruit in 
spring 1984 and a density of 2.0 SGSB per fruit in fall 1984 and spring 
1985 (equal number of each sex). Each treatment was replicated five to 
eight times. Cages were maintained in the laboratory under conditions as 
described for rearing. The experiment was terminated after three days.
In the field study, five tomato clusters with five fruit were 
selected from different plants. The circumferences of fruit in each 
cluster were measured at girth and categorized into five different 
classes. Ten SGSB (equal number of each sex) were caged on each cluster 
with a nylon mesh (20.3 x 7.6 x 30.5 cm, size 8) sleeve cage. Both SGSB 
and the sleeve cage were removed after three days and the clusters taken 
to the laboratory for evaluation.
In all experiments, each fruit was weighed and the number of stylet 
sheaths counted using a dissecting binocular microscope. The surface 
area of fruit was calculated by measuring the circumference at girth and 
by assuming that the shape of tomato fruit was a perfect sphere. The 
number of stylet sheaths per cm2 surface area then was obtained by 
dividing the number of stylet sheaths by the estimated fruit surface 
area. Analysis of variance was used to detect differences in the number 
of stylet sheaths deposited by SGSB among fruit sizes, and means were 
separated with Duncan’s new multiple range test (PROC GLM, SAS 1985).
Feeding Preference for Fruit Maturity. Fully mature fruit (100% red) 
and mature green fruit of ca. the same circumference at girth were used 
in three experiments. In the first experiment, five green and five red 
fruit were set alternately in two rows in an aquarium (25.4 x 50.8 x
30.5 cm). Ten pairs of starved (24 h) SGSB (equal number of each sex)
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were released into the cage for three days. This arrangement was 
replicated eight times. The number of stylet sheaths on each fruit was 
counted using a dissecting binocular microscope three days later. The 
numbers of stylet sheaths deposited on green and red fruit were compared 
with a T test (PROC TTEST, SAS 1985).
In the second experiment, the upper half of the fruit was wrapped 
with masking tape and the tomatoes were set upside down in order to 
confine SGSB feeding to one half of the fruit surface so as to make 
observations easier. Four green and four red fruit were set alternately 
in a circle at the center of a clear plastic cage (27.5 x 20.5 x 10.0 
cm). Into each cage was placed either ten marked and starved (24 h) 
female or male SGSB. A total of six cages, three for each sex, were used 
in July and August, 1985. Feeding activities such as the choice of fruit 
maturity for feeding, feeding frequency, and the duration of proboscis 
insertion were recorded for each individual from 1300 to 1400 h for 
three consecutive days. Frequencies of the initial choice for red or 
green fruit for each bug after its release into the container were 
analyzed as a binomial distribution with P=£=0.5 (Conover 1980).
l.i t̂ ie third experiment, mature red and green fruit of similar size 
were cm. into longitudinal quarter slices and each fruit reconstructed 
by alternately combining red and green quarter slices. Eight fruit were 
set in two rows inside a clear plastic cage (27.5 x 20.5 x 10.0 cm) with 
green quarters facing the red quarters of adjacent fruit. Ten marked and 
prestarved (24 h) female SGSB were introduced into each cage. This 
treatment was repeated with ten male SGSB. Feeding activities were 
recorded as described in the second experiment. Experiments were 
analyzed with the T test (PROC TTEST, SAS 1985).
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Results and Discussion
Feeding Preference for Green Fruit Size. Due to differences in SGSB 
infestation rates in the three experiments, stylet sheath counts were 
higher in spring, 1984 than in fall, 1984 or spring, 1985 (Table 1).
The mean number of stylet sheaths increased with increasing fruit size 
in spring, 1984, with an exception in the fifth fruit size category 
(F=2.51, df=5:24, ,P=0.06). However, in both the fall, 1984 (F=l.50, 
df=7:56, JP=0.1866) and spring, 1985 (F=1.33, df=9:70, P=0.2372), the 
mean number of stylet sheaths were lower in fruit of intermediate size. 
Beyond this point, the number of stylet sheaths increased again as fruit 
size increased. Green tomato fruit of 14-16 cm in circumference were 
evidently less preferred by SGSB, which is indicated in the mean 
separation. This conclusion requires the assumption that the feeding 
frequency reflects the true feeding preference of SGSB. Despite the 
above trend of SGSB feeding frequency on size of green tomatoes, the 
number of stylet sheaths per cm2 significantly increased as the size of 
fruit decreased in all three experiments (F=7.02, df=5:24, jP=0.0004 in 
spring, 1984; Ff=8.16, df=7;56, P=0.0001 in fall, 1984; and F=2.95, 
df-7:72, P=0.0090 in spring, 1985). Lye et al. (1987) reported that the 
number of stylet sheaths is closely related to the grade of fresh market 
tomatoes.
Field results were not similar to those obtained in the laboratory. 
There were no significant differences among fruit sizes for stylet 
sheath counts (Ff= 1.12, df=4:20, P=0.3747) or sheaths/cm2 (F=1.24, 
df=4;20, P=0.3249)(Table 2). The difficulty in finding tomato clusters 
with the same relative fruit size increased the variability within each
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Table 1. Adult Nezara viridula feeding preference among various sizes of
Q







Mean No. Stylet Mean No. Stylet 
Sheaths/cm2 Sheaths/SGSB/Day
Spring 1984b
1 21.8 169.0 1.1 b 2.8
2 18.4 156.8 1.4 b 2.6
3 16.2 134.4 1.6 b 2.2
4 14.1 135.2 2.1 b 2.2
5 12.8 197.2 3.8 a 3.3
6 8.3 
Fall 1984c
74.8 3.4 a 1.2
Total 14.3
1 19.7 71.9 0.6 b 1.5
2 17.1 47.4 0.5 b 1.0
3 15.6 33.9 0.4 b 0.7
4 14.4 28.0 0.4 b 0.6
5 12.9 40.8 0.8 b 0.9
6 10.9 52.3 1.4 b 1.1





47.9 2.7 a 1.0
Total 8.0
1 21.5 62.6 0.4 b 1.0
2 20.0 100.1 0.8 ab 1.7
3 18.7 65.1 0.6 ab 1.1
4 17.9 41.0 0.4 b 0.7
5 16.6 46.3 0.4 b 0.8
6 15.3 32.5 0.5 b 0.5
7 13.9 25.8 0.4 b 0.4
8 13.2 83.4 1.5 a 1.4
9 12.3 65.1 1.4 a 1.1
10 10.5 44.0 1.3 a 0.7
Total 9.4
a Means followed by the same letter are not significantly different
(a=0.05) with Duncan’s new multiple range Test (PROC GLM, SAS 1985).
b 20 bugs/replication, 5 replications, 3 day exposure,
c 16 bugs/replication, 8 replications, 3 day exposure,
d 20 bugs/replication, 8 replications, 3 day exposure.
53
Table 2. Adult N_. viridula feeding preference among various sizes of 









Stylet Mean No. Stylet 
/ cm2 Sheaths/SGSB/Day
1 19.7 127.4 1.1 2.1
2 18.4 128.0 1.3 2.1
3 17.0 77.0 0.9 1.3
4 14.7 142.2 2.4 2.4
5 13.0 69.6 1.4 1.2
Total=9.1
a 20 bugs/replication, 5 replications, 3 day exposure.
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fruit size category, as indicated by the absence of clear significant 
differences in tomato circumference (F=2.81, df=4:20, P=0.Cl569).
The daily stylet sheath deposition of individual SGSB in the spring 
1984 (14.3) was much higher than in other experiments (8.0, 9.4, and 
9.1). The reasons for this difference are unknown, but may be 
attributable to the physiological condition of the SGSB colony. Stylet 
sheath deposition in the field experiment (9.1/bug/day) was close to 
that of the two experiments conducted in the laboratory (8.0-fall, 1984 
and 9.4-spring, 1985). These values are very similar to those reported 
by Bowling (1980) for SGSB infesting soybean (7.8-male, 8.0-female), 
despite a considerable difference in the water and nutritional content 
of tomato fruit and soybean pods.
SGSB Feeding Preference for Tomato Maturity. Significantly more stylet 
sheaths were found on mature green fruit (71.4) than on mature red fruit 
(45.2), (T=2.417 > 02)=^ ’̂ ^ ’ However* t*ie wide range of stylet
sheath counts (10 to 209 on green, 5 to 148 on red) indicated a great 
variability of feeding activity among individual SGSB. The daily stylet 
sheath production (9.82) was similar to that obtained in the fruit size 
preference studies.
In the second experiment, both male and female SGSB visited green 
fruit more frequently, deposited more stylet sheaths, and inserted their 
proboscis for a longer duration (Table 3). The significant difference in 
the number of stylet sheaths on green and red fruit indicates that SGSB 
feed on green fruit more frequently than on red fruit. The frequencies 
of the first feeding choice were 84 on green fruit and 29 on red fruit, 
which was highly significantly different (a<0.0001, £=£=0.5). Thus, SGSB 
preferred green fruit over red fruit, based on the assumption that there
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Table 3. Effects of tomato fruit maturity on the feeding frequency and
£duration of adult N. viridula in the laboratory, summer, 1985 .
Feeding Fruit Maturity
Indices SGSB Green Red 2  test


















T test £=0.11 £=0.93










£  test £=0.46 £=0.93








T. test £=0.76 £=0.53
a 10 bugs/4 green fruit & 4 red fruit; 3 replications/sex.
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is a positive relationship between the true feeding preference and 
feeding activity. These results contradict those of Dearman (1960), who 
stated that SGSB 'seemed to' prefer red over green fruit. However, no 
numerical data were presented to support this finding. Fruit maturity 
has been demonstrated to have an impact on the feeding preference in 
certain Hemiptera. Both SGSB and the rice stink bug, Oebalus pugnax 
(F.), deposited more stylet sheaths on wheat kernels in the milk stage 
than in soft dough stage (Viator et al. 1983). Adult SGSB preferred to 
choose full-sized soybean pods over small-sized pods as feeding sites 
(Schumann & Todd 1982). Mitchell (1980) reported that the leaffooted 
bug, Leptoglossus phyllopus (L.), probed for developing seeds inside 
green tomato fruits. The pepper bug, Dasynus piperis, required ripening 
fruits for its survival (Schaefer & Mitchell 1983). Mitchell (1980) 
speculated that the feeding preference of many Hemiptera for immature 
fruit may be due to the availability of nitrogen, since immature fruit 
appear to receive the greatest amount of translocated nitrogen.
Female SGSB produced fewer stylet sheaths than male SGSB on green 
fruit, but both sexes deposited almost the same number of stylet sheaths 
on red fruit (Table 3). Bowling (1980) reported that male SGSB deposited 
similar numbers of stylet sheaths as females on soybean pods within a 48 
h feeding period. Both sexes had a similar total feeding time and 
duration of proboscis insertion on green fruit or on red fruit, and each 
exhibited a significant difference between green and red fruit for both 
variables.
The third experiment revealed that the mean number of stylet 
sheaths, total feeding time, and duration of proboscis insertion on red 
fruit slices were not significantly different from those on green fruit
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quarters (Table 4). Although both sexes produced more stylet sheaths on 
green fruit quarters than on red fruit quarters, the differences were 
not significant (female: P=0.26, male: P=0.47). The frequencies of the 
first feeding choice were 23 on both green and red fruit quarters, 
suggesting that the distance between the red and green quarters was too 
small for SGSB to discern a difference in fruit maturity. The southern 
green stink bug did not preferentially feed on red or green quarters, 
contradicting the report of Dearman (1960) that SGSB seek the red areas 
to feed when fruit is turning from green to red.
In this study we demonstrated that stylet sheaths were good
indicators of the feeding activity of SGSB on tomatoes. The southern 
green sting bug deposited less stylet sheaths on green fruit of 
intermediate size, fed more frequently and much longer on green fruit
than .on red fruit, and chose green fruit for feeding over red fruit.
Though it was suggested by Bowling (1980) that stylet sheath counts can 
be used to quantify the feeding preference of SGSB on soybeans, the true 
feeding preference of SGSB on tomato fruit can not be determined by the 
number of stylet sheaths alone. The frequency of the first feeding 
choice and the duration of each proboscis insertion helped quantify the 
degree of feeding preference. The amount of liquid intake during each 
probing, and the influence of color and chemical compounds in the tomato 
fruit on the initiation and termination of feeding need to be examined 
in order to determine the true feeding preference.
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Table 4. Effects of tomato fruit maturity on the feeding frequency andg
duration of adult N viridula in the laboratory, summer, 1986 .
Feeding bFruit Maturity
Indices SGSB Green Red T test


















T test £=0.15 £=0.03










T. test £=0.88 £=0.68








• £  test £=0.69 £=0.39
a 10 bugs/8 fruit/sex.
b Each fruit was constructed by alternately combining red and green 
quarter slices.
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CHAPTER IV
SPATIAL DISPERSION AND SEQUENTIAL SAMPLING PLAN OF THE SOUTHERN 




The spatial dispersion and sampling methodology of the southern 
green stink bug (SGSB), Nezara viridula (L.)» were studied on fresh 
market tomatoes, Lycopersicum esculentum Mill. A visual count was used 
to sample SGSB populations from horizontal plant strata. Sampling in the 
morning or afternoon revealed no significant differences in both SGSB 
within-plant dispersion and time consumed in making counts.
Significantly more SGSB individuals were sampled from fruit clusters 
than from vegetative structures. Strata containing fruit clusters had 
the lowest coefficients of variation (CV) and the highest mean SGSB 
counts. Values of mean SGSB, CV, relative variation, and relative net 
precision indicated that the penultimate fruit cluster was the most 
efficient sampling unit among plant strata. Time consumed counting SGSB 
on each stratum ranged from three to ten seconds and showed little 
variation in mean or CV values. Regression equations estimating whole 
plant populations of SGSB from individual fruit clusters were developed. 
The between-plant dispersion of SGSB fitted a Negative Binomial 
distribution with a moderate aggregation. A sequential sampling plan 
using the penultimate fruit cluster as a sample unit was developed to 




Sampling techniques are an essential prerequisite to basic 
population studies and the development of economic thresholds. The 
southern green stink bug (SGSB), Nezara viridula (L.), is a serious pest 
of several crops in the southern United States (Dewitt & Godfrey 1972). 
The biology and population dynamics of this pest have been studied on 
soybeans (Schumann & Todd 1982) and other crops (Dewitt & Godfrey 1972), 
but has never been investigated on fresh market tomatoes. The dispersion 
of SGSB on soybean is clumped (Todd & Herzog 1980) while on rice it has 
been found to range from random (Hokyo & Kiritani 1962) to clumped 
(Nakasuji et al. 1965). Populations of SGSB have been sampled with sweep 
nets (Stam 1978, Ragsdale et al. 1981, Schumann & Todd 1982) and a 
ground cloth technique (Walker & Sullivan 1978, 1979) in soybeans; sweep 
nets have also been used in alfalfa (Russell 1952). These sampling 
methods, however, are inappropriate on tomatoes because they would 
damage the fragile plants.
Direct visual counts have been successfully employed to survey the 
populations of several insect species. Visual counts have several 
advantages (Southwood 1978). Because the sample units are known, the 
difficulties of relating the observed number of insects from a sample 
unit to the population on the plant or field are avoided. The true mean 
and other parameters can be determined accurately. Finally, visual 
methods do not disturb the insects and thereby their dislodgement from 
the sample unit is minimized.
The objectives of our study were to use visual counts to (1) study 
the spatial dispersion of SGSB within the tomato plant, (2) determine
the optimal sample unit for estimating SGSB whole plant population 
density, and (3) quantify the between-plant dispersion and develop a 




Plants and Insects. Creole tomato seedlings were transplanted in the 
field at the Burden Research Plantation, Louisiana Agricultural 
Experiment Station, Baton Rouge, La., during the spring and fall in 
1985. Each plant was supported with a wood stake and tied with 16-ply 
cotton twine three to four times during the season. Common growing 
practices were followed and plants were pruned to maintain a single 
stem on each plant. Colonies of SGSB were collected on soybeans at the 
Burden Research Plantation and on alfalfa at the Rice Research Station, 
Louisiana Agricultural Experiment Station, Crowley, La. Bugs were reared 
in the laboratory with green beans and raw peanuts in aquaria (25.4 x 
50.8 x 30.1 cm) at a 27±2°C, 60±5% RH and 14:10 h (L:D) photoperiod.
Spatial Dispersion. Tomato plants were categorized into different 
growth stages according to the number of fruit clusters present. A 
developing inflorescence was considered a fruit cluster as soon as the 
most mature flower began to set fruit. A 2-cluster plant was a plant 
with two fruit clusters. Tomato plants of two growth stages (2-cluster 
and 3-cluster) were selected in a caged experiment in the spring season 
and three growth stages (2-cluster, 3-cluster, and 4-cluster) were 
chosen in an uncaged experiment in the fall season. Each plant was 
divided into several horizontal strata based on the number of tomato 
clusters. For a 2-cluster plant, the first stratum extended from the 
ground level to the bottom of the first cluster, the second stratum was 
the first cluster itself, the third stratum extended between the first 
and the second clusters, the fourth stratum was the the second fruit 
cluster itself, and the fifth stratum was the remaining portion of the
66
plant above the second cluster. For 3-cluster plants, there were seven 
horizontal strata; there were nine strata with 4-clust.er plants.
In the caged experiment, plants were spaced 181 cm apart and were 
caged individually within 184.8 x 184.8 x 184.8 cm nylon mesh cages 
(size 16). Inside each cage, the ground was covered with white cotton 
cloth which was taped to the inner edge of the cage to prevent SGSB from 
escaping or hiding in the soil. A total of ten cages was used to
individually cover five 2-cluster and five 3-cluster plants. For each
plant growth stage, five SGSB densities (1, 3, 6, 9, and 12 pairs; equal
number of each sex) were released into the cages one day before
sampling. Sampling was conducted at lOOOh and 1400h each day for five 
consecutive days. The number of SGSB within each stratum, on the cages, 
and on the ground inside the cages were counted. Time spent counting 
bugs in each stratum was recorded with a stop watch. Dead and escaped 
SGSB were replaced each day to maintain the initial numbers for each 
respective cage.
In the uncaged experiment, a total of 270 plants were planted in 
two rows (each 60 m in length) with 46 cm spacing. Due to abundant SGSB 
populations in adjacent soybean fields in the fall season, plants were 
naturally infested by immigrating bugs. Sampling began when 2-, 3-, and 
4-cluster plant stages were present with a ratio of ca. 2:3:1, 
respectively. Individual plants were randomly selected throughout the 
field at the first sampling day, and the same plants were sampled again 
for eight consecutive days at 1400h. An average of 32 plants per day 
with a total of 256 plants were sampled in this study. The number of 
SGSB within each plant stratum was visually counted, and the time spent 
for each counting was recorded with a stop watch.
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Analysis Methods. The effect of time of day on the number of SGSB and 
the time spent sampling each stratum in the caged experiment was tested 
with the Wilcoxson Sign Rank test (Conover 1980). Observed data for each 
stratum (within-plant dispersion) were analyzed with a x2 method to test 
for a homogeneous distribution within the plant in both the spring and 
fall seasons (Conover 1980).
Sampling Unit Evaluation. Means and coefficients of variation, 
CV=standard deviation/mean, of each stratum were calculated to compare 
the sampling accuracy and efficiency among plant strata (PROC MEANS, SAS 
1985). Analysis of variance (ANOVA) and mean separation were applied to 
compare means among strata (PROC GLM, SAS 1985). Relative variation, 
RV=(standard error/ mean)xl00, was calculated to describe the variation 
in the samples of strata across plants. Relative net precision,
RNP=1/(RV x time consumed in man-hour), was used as a criterion to 
compare the time required to complete a given sample unit. The 
efficiency of each sampling stratum in estimating the whole plant 
population of SGSB was quantified with linear regression analysis (PROC 
REG, SAS 1985). The true population was assumed to be the sum of SGSB 
sampled from each stratum.
Spatial Dispersion. Observed frequencies of the total number of 
bugs per plant (between-plant dispersion) were fitted to the Poisson 
series with the methods described by Steel and Torrie (1980). The mean 
(m) of the observed value (jr) was calculated such that m = (y_ x f)/N, 
where was the actual frequencies and N_ was the total of all 
frequencies. The probability that the random variable £  took the
■*1X1 1&observed value It was given by J?(x=k.) = (®. “  nr-)/k!. The product of the 
probability of observing a value k and the total observed frequency
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yielded the expected frequency, (E(f_)), which was used in the
X2 goodness of fit test for fitting the Poisson distribution (Conover
1980).
The observed frequency data were also fitted to the Negative
Binomial distribution using two different methods for calculating k
(Bliss & Fisher 1953). The first method, _sc=(m2)/(S2-m ), was to estimate
k from the mean (m) of the observed frequency and the sample variance
(S2). The second method, Z,=I(A /(k .+x )) - N ln(l+(m/<.)), was the 
—  — i  x  — i  —  —  —  — i
maximum likelihood approach where the scores (2^) were computed from 
trial values of k which had been selected so that they would bracket the 
required estimate JS(k), for which Z^=0 in the equation. is the 
cumulative frequency in all units containing more than the value of x 
(observed value) in each x̂  value. Iteration was employed using the trial 
values until two k values were obtained which produced a negative and 
a positive JZ value. Arithmetic interpolation was then used to calculate 
the k value which would lead to a positive and nearly zero value of Z_. 
The two K constants obtained from the two methods were used to calculate 
the expected frequencies, (12(f)), separately with the following formula: 
£  = m/K, £  = l+£, R = j>/£,
E(f^) = N/.S“ for £  = 0, and
E(f ) = (k+x -1) R E(f ,)/:* for x = 1, 2, 3, ...
The deviation of this frequency distribution to the theoretical Negative 
Binomial distribution was analyzed with the x2 goodness of fit test 
(Conover 1980).
Sequential Sampling Plans. The procedure of developing a sequential 
sampling plan described by Wald (1945), and the methods described by 
Wald (1945), Oakland (1950), Morris (1954), and Waters (1955) were
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followed. Formulas for the decision lines are:
cLq = bn + (lower line), = bn + (upper line),
where ji is the cumulative number of insects, 11 is the number of samples 
taken, b̂  is the slope of the lines, and and h^ are intercepts. The 
slope and intercepts are calculated as follows:
log QLj ISLq ) log (B) log (A)
b = < » h^ = , h L = >
~ l o g C Z i V - ^ P  “  log(% V £ 234) ~  l o g ^ V - ^ P
where 15 = 8/(l-a), A = (l-8)/a,
a = the probability of accepting a false lower line (d ),— o
6 = the probability of accepting a false upper line (d^),
* V *  -3o " 1+V
£I  = -if-’ %  ” 1+£! ’
X = mean number of insects at fixed infestation level,
k = calculated aggregation parameter.
Three injury levels (1.3, 1.8, and 2.4 bug-days for US grade 1, 2, 
and 3, respectively) were used to calculate the decision lines for the 
fixed light, moderate, and severe damage levels for lots of fresh market 
tomatoes (Lye et al. 1987). A light damage classification corresponds to 
grade 1 fruit, moderate to grade 2, and severe to grade 3. Sequential 
sampling plans were developed using (1) the whole plant, (2) the first 
fruit cluster on a 2-cluster plant, (3) the second fruit cluster on a 
3-cluster plant, (4) the third fruit cluster on a 4-cluster plant, and 
(5) the penultimate fruit cluster regardless of plant stage.
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Results and Discussion
Within-Plant Dispersion. In the caged experiment, the Wilcoxson Sign 
Rank test revealed that the morning and afternoon sampling period had no 
influence on the number of SGSB sampled (T=0.406 in 2-cluster stage,
T=0.872 in 3-cluster stage) or the time consumed in making counts 
(T=-0.135 in 2-cluster stage, Tf1.183 in 3-cluster stage) during 
sampling. Data from these two sampling times were therefore merged for 
further analyses. With several insect species, the time of day has been 
shown to have an influence on the number of insects sampled (Southwood 
1978). Lockwood and Story (1986) reported that SGSB spent a greater 
proportion of time basking on the tops of cowpea plants in the morning 
than in the afternoon. Waite (1980) made similar observations on 
soybeans. The diurnal rhythms of SGSB on tomatoes have not been 
documented. During the sampling period SGSB moved slowly up and down the 
plants; rapid movement and flight were observed only when plants were 
touched. The high temperature and relative humidity inside the cages 
were unnatural and may have influenced their behavior. A more detailed 
experiment will be required to quantify the influence of time of day on 
the spatial dispersion of SGSB. However, there does not appear to be a 
marked difference in their distribution between late morning and early 
afternoon.
The x2 statistics on total SGSB counts and time consumed in 
sampling strata were highly significant in both the caged and uncaged 
experiments (Table 1), indicating that a high heterogeneity was present 
among the samples. Because the visual count did not dislodge SGSB in a 
stratum during sampling, the significant differences in both the number
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Table 1. x2 test on total N. virldula counts and sampling time (seconds) 
in caged and uncaged experiments in 1985.
Caged (Spring)____________Uncaged (Fall)______
2-Cluster 3-Cluster 2-Cluster 3-Cluster 4-Cluster
Stratum SGSB Time SGSB Time SGSB Time SGSB Time SGSB Time
below 1st cl. 25 184 9 268 16 313 24 436 4 114
1st cl. 103 330 56 269 177 497 131 549 26 136
between 1st & 2nd cl. 48 298 24 283 25 359 31 484 9 121
2nd cl. 67 270 18 230 143 474 270 721 69 183
between 2nd & 3rd cl. 49 435 6 244 14 382 25 495 11 133
3rd cl. 12 200 119 552 48 171
between 3rd & 4th cl. 25 276 28 543 5 126
4th cl. 22 128
above 4th cl. 3 143
total sampled plants 50 50 50 50 97 97 127 127 35 35
bug/plant 5.8 3.0 4.3 4.9 5.6
bug/plant/stratum 1.2 0.5 0.9 0.7 0.6
X2 homogeneity test3 ** ** ** * ** ** ** ** ** *
a * significant at o=0.05, ** significant at a=0.01 (Conover 1980).
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of SGSB and time consumed sampling were due to the effect of 
stratification within a plant. Since the number of plants sampled were 
not the same in each plant growth stage, total SGSB counts and time 
spent sampling strata between plant growth stages cannot be compared. 
However, the spatial dispersion of SGSB within plants was similar among 
the different plant stages. More SGSB were present on fruit clusters 
than vegetative strata, probably because SGSB have a feeding preference 
for fruiting structures. Most of the economically important pentatomids, 
including SGSB, attack the developing seeds of crops (Mitchell 1980). 
Watson (1917) reported that SGSB feed upon tomato foliage but prefer 
fruit. On sorghum, adult SGSB feed on the stem, branches, and glumes, 
but prefer the seeds (Hall & Teetes 1982).
With the caged experiment, about half of the SGSB remained on the 
plant the day after release, while the remaining bugs were found hiding 
on the ground or on the cage. Therefore, the number of SGSB sampled was 
not the same as the number of bugs released. Plants with two fruit 
clusters had a higher SGSB count per plant and mean SGSB count per 
stratum than plants with three fruit clusters. The factors causing this 
difference are unknown. With the uncaged experiment, the mean SGSB count 
per plant was low in young plants which had fewer fruit clusters and 
high in mature plants which had more fruit clusters. The increase in 
total SGSB counts per plant on mature plants was mainly due to an 
increase in the number of strata, for the average number of SGSB per 
stratum declined with more mature plants. This is opposite of what was 
found in the caged experiment, where plants with three fruit clusters 
had fewer total SGSB counts than plants with two fruit clusters.
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The average time spent sampling an entire plant in the 2-cluster 
stage (30.3 seconds) was shorter than in the 3-cluster stage (35.4 
seconds) in the caged experiment. However, the average time spent 
sampling a stratum in a 2-cluster plant (6.1 seconds) was longer than in 
a 3-cluster plant (5.1 seconds). Similar results were found in the 
uncaged experiment, where the time spent sampling an entire plant (23.3, 
29.8, and 35.9 seconds in 2-, 3-, and 4-cluster stages, respectively) 
increased with more mature plants but the time spent sampling a stratum 
(4.7, 4.3, and 4 seconds in 2-, 3-, and 4-cluster stages, respectively) 
decreased as the plant stage increased. The reason for this is that 
although mature plants had more total vegetation, they had less dense 
vegetation in individual strata than young plants. Mature plants were 
tall; sampling strata at the chest level was easier.
In the caged experiment, the second stratum had a significantly 
larger mean SGSB count than the remaining strata in both 2-cluster and
3-cluster plants (Table 2). Overall, mean SGSB counts were greater on 
fruit clusters than vegetative strata, indicating that more SGSB can be 
found if sampling is restricted to fruit clusters. The CV is an index of 
the precision of each stratum, as a sampling unit, in representing an 
estimate of the true SGSB mean. In the 2-cluster stage, CV values of the 
two fruit clusters were smaller than the vegetative strata, indicating 
that the fruit clusters were the most efficient sampling units. The CV 
values in the 3-cluster stage, however, did not exhibit the same trend. 
Only the first fruit cluster was an efficient sampling unit.
Data in the uncaged experiment exhibited a consistent pattern 
similar to that in the caged experiment (Table 3). The number of SGSB 
was much higher on fruit clusters than on vegetative strata. In the
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Table 2. Means and coefficients of variation (CV) of N. viridula density 
and sampling time in a caged experiment, spring, 1985 .
2-Cluster 3-Cluster
Stratum SGSB CV Time CV SGSB CV Time CV
1. below 1st cl. 0.50 c 152 3.7 d 41 0.18 be 216 5.4 ab 31
2. 1st cl. 2.06 a 86 6.6 b 42 1.12 a 122 5.4 ab 33
3. between 1st & 2nd cl. 0.96 be 126 6.0 be 34 0.48 b 153 5.7 a 25
4. 2nd cl. 1.34 b 103 5.4 c 42 0.36 be 193 4.6 c 28
5. between 2nd & 3rd cl. 0.98 be 116 8.7 a 36 0.12 c 321 4.9 be 20
6. 3rd cl. 0.24 be 246 4.0 d 25
7. uppermost branch 0.50 b 158 5.5 a 33
total sampled plants 50 50 50 50
ANOVA, F vlaue 10.05 28.81 9.59 8.44
df (4, 245) (4, 245) (6, 343) (6, 343)
P>F 0.0001 0.0001 0.0001 0.0001
a Means followed by the same letter are not significantly different
(a=0.05) with Duncan's new multiple range test (PROC GLM, SAS 1985).
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2-cluster stage, both the first and second fruit clusters had lower CV 
values and significantly greater numbers of SGSB than the other strata.
In the 3-cluster stage, the second cluster had significantly higher SGSB 
counts than other strata; all fruit clusters had significantly higher 
SGSB counts than vegetative strata. Furthermore, the CV values of the 
means of strata with fruit clusters were smaller. In the 4-cluster 
stage, mean separation revealed that SGSB counts on the second and third 
fruit clusters were significantly higher and CV values were lower than 
the remaining strata. Across all three plant growth stages, the second 
clusters had the highest SGSB densities and the lowest CV values of all 
strata. Thus, the second fruit cluster was the most efficient sampling 
unit.
Relative variation (RV) is often used to quantify sampling 
variation (Pedigo et al. 1972). A RV of ten or less is generally 
considered adequate for most intensive sampling programs (Hillhouse &
Pitre 1974). Generally, the RV values of fruit clusters were close to 
ten and lower than the RV of the vegetative strata (Table 3), indicating 
that samples from the fruit clusters had less variation and therefore 
would be more efficient as sample units than the vegetative strata.
Mean time consumed sampling was greater on fruit clusters than on 
vegetative strata (Tables 2 and 3). However, the CV values of all strata 
were almost the same within a plant stage. Time consumed sampling the 
2nd fruit cluster was significantly longer than the rest of the strata 
throughout the three plant stages. However, the homogeneous CV values 
within a plant reduced the importance of the longer sampling time. 
Furthermore, the differences in the time consumed were of a small scale, 
e.g., the difference of 3.6 seconds for the first strata and 5.2 seconds
Table 3. Means, coefficients of variation (CV), relative variation (RV), and relative net precision 
(RNP) of N. viridula counts and sampling time (seconds) in fall, 1985 .
Stratum^ _______ 2-Cluster Stage_______   3 Cluster Stage_______   4 Cluster Stage
SGSB CV RV RNP Time CV SGSB CV RV RNP Time CV SGSB CV RV RNP Time CV
1 0.15 b 237 24 42 3.6 c 24 0.14 c 286 25 42 3.4 c 26 0.14 c 254 43 24 3.5 c 27
2 1.48 a 90 9 77 5.2 a 34 1.10 b 180 15 58 4.3 b 30 0.93 b 111 19 49 3.9 b 27
3 0.27 b 210 21 43 4.0 c 22 0.36 c 198 17 57 3.7 c 28 0.47 be 137 23 43 3.6 c 29
4 1.69 a 100 10 65 5.5 a 24 2.43 a 62 5 126 5.7 a 26 1.80 a 82 14 52 4.9 ab 29
5 0.17 b 249 27 29 4.6 b 24 0.26 c 212 19 50 3.8 c 26 0.50 be 163 28 29 4.4 b 22
6 1.10 b 104 9 91 4.4 b 24 2.14 a 57 10 67 5.4 a 38
7 0.24 c 208 18 46 4.3 b 22 0.21 c 198 34 27 3.9 b 21
8 1.07 b 93 16 56 4.0 b 22
9 0.07 c 374 63 13 4.5 ab 21
ANOVA:
F 28.69 21.14 33.84 25.33 9.72 3.87
df (4, 255) (4, 255) (6, 397) (6, 397) (8, 122) (8, 122)
P>F 0.0001 0.0001 0.0001 0.0001 0.0001 0.0004
a Means followed by the same letter are not significantly different (a=0.05) with Duncan's new 
multiple range test (PROC GLM, SAS 1985). 
b 1: below 1st cluster, 2: 1st cluster, 3: between 1st & 2nd cluster, 4: 2nd cluster, 5: between 2nd 
& 3rd cluster, 6: 3rd cluster, 7: between 3rd & 4th cluster, 8: 4th cluster, 9: above 4th cluster.
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for the second strata in the 2-cluster stage in the uncaged experiment 
is very small.
The cost of a sampling method should be considered when comparing 
various sampling units with respect to variance. Southwood (1978) 
suggested that the relative net cost for a given level of precision for 
each unit is proportional to the product of its variance and cost.
Pedigo et al. (1972) considered the time consumed in sampling a unit to 
be its cost when calculating the relative net precision (RNP); RNP is 
proportional to the reciprocal of the product of time and variance. 
However, Pedigo et al. (1972) substituted the variance with RV in order 
to adjust for the effects of sample size on RNP. Thus, a change in 
sample size would influence RV and thereby affect RNP. Fruit clusters 
had higher RNP's than vegetative strata (Table 3), indicating that fruit 
clusters would provide a more precise and cost effective estimate of 
SGSB populations than vegetative strata.
Although the precision of the fruit clusters was very high in all 
three plant stages, the ability of the sample units to estimate the 
whole plant population must be considered (Table 4). The density sampled 
in each stratum was highly related (JP<0.0001) to the whole plant popu­
lation. Most of the coefficients of determination (R2), however, were 
less than 0.3. This might be due to the narrow range of the observed 
number of SGSB within each strata (Neter et al. 1985). The model for the 
second fruit cluster in the 4-cluster stage had a very low R2 value 
(0.157), indicating a very low reliability of this prediction model.
This contradicts previous data in which the mean, CV, RV, and RNP 
indicated that the second fruit cluster was the most efficient sampling 
unit. However, the most efficient sampling unit depends upon the plant
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Table 4. Regression of the sampled N. viridula population in individual 
fruit clusters on the whole plant population in fall, 1985 .





1st cluster X  = 1.737 + 1.309(X) 0.622 0.0001
2nd cluster X  = 2.106 + 1.368 (X.) 0.352 0.0001
1st cluster X  = 3.362 + 1.674(X) 0.434 0.00012nd cluster X  = 1.216 + 1.837(X) 0.518 0.0001
3rd cluster X  = 3.485 + 1.647(X) 0.184 0.0001
1st cluster X  = 4.302 + 2.274(X) 0.275 0.00102nd cluster X  = 3.767 + 1.136(X) 0.157 0.01693rd cluster X  = 3.536 + 1.526(X) 0.330 0.00034th cluster X  = 4.093 + 2.443 (1C) 0.312 0.0005
penultimate X  = 1.931 + 1.507(X) 0.493 0.0001
a 2. = whole plant population estimate, a_ = intercept, = regression 
coefficient, and X = observed number of bug in each stratum. All 
intercepts and regression coefficients are significantly different 
from 0 (a=0.05).
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growth stage. Thus, the first and second fruit cluster are the most 
efficient sampling units for plants with two or three fruit clusters, 
while the third and fourth fruit clusters will be the best choice for 
sampling SGSB populations on plants with four fruit clusters. In 
general, the penultimate fruit cluster is the most, efficient sampling 
unit in estimating whole plant populations of SGSB. The regression 
equations can be used to estimate whole plant populations from 
individual strata.
Between-Plant Dispersion. The high x2 statistics of the Poisson 
distribution indicated that the observed frequency data did not fit the 
Poisson distribution (x2=64.51, df=ll, P<0.001). The first method used 
in calculating jc (= 3.69) from the observed frequency data did not fit 
the Negative Binomial distribution (x2=29.85, df=13, P=0.05). However, 
the frequency data fit the Negative Binomial distribution very well with 
a k value equal to 3.76 (x2=8.54, df=15, P=0.900) obtained with the 
second method (Bliss and Fisher 1953).
A Negative Binomial distribution is quantified by its k value, the 
aggregation index. The smaller the k value the greater the extent of 
aggregation, whereas a large k value (over ca. 8) indicates that the 
distribution is approaching Poisson (Southwood 1978). The k value of 
3.76 obtained in this study indicates that the SGSB dispersion was 
moderately aggregated. The clumped aggregation of SGSB on soybean had a 
k value of 0.997 (Todd & Herzog 1980).
Sequential Sampling Plans. The essential components for developing a 
sequential sampling plan include a damage threshold, a known dispersion 
pattern, and a sampling method of high precision (Pieters 1978). 
According to Southwood (1978), the first step should be to decide the
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infestation classes relating to the decision lines. The average number 
of harvestable fruit per plant was calculated because the injury levels 
developed by Lye et al. (1987) were based on individual fruit. Although 
the frequencies of fruit per plant in this study were not statistically 
close to a Poisson distribution (df=15, x2“31.75 > X2q q^=30.60), the 
mean number of fruit per plant (11.4) was the same as the median 
((11x43+12x28) / (43+28) = 11.4). Therefore, 11.4 fruit per plant and 
the three injury levels per fruit (1.3, 1.8, and 2.4 bug-days) were used 
to obtain three injury levels on a whole plant basis (14.8, 20.5, and 
27.4 bug-days, respectively). These three levels were used as fixed 
infestation levels, namely, light, moderate, and severe, respectively, 
in a sampling plan based on an estimate of the whole-plant population.
Sequential sampling plans were also developed for each plant growth 
stage using the fruit cluster as a sample unit. In addition, a 
sequential sampling plan which is applicable for all plant stages which 
uses the penultimate fruit cluster as a sample unit was developed. Only 
the first three fruit clusters are typically harvested in commercially 
grown fresh market tomatoes in the southeast. Therefore, sequential 
sampling plans for each of the cluster stages (2-, 3-, and 4-cluster 
stages) would be applicable for the entire growing season. Assumptions 
made in developing these sequential sampling plans were (1) all of the 
fruit in the first three clusters are harvestable, (2) SGSB feed 
randomly among fruit clusters and within fruit clusters on individual 
plants, and (3) plants from which data were obtained were representative 
of commercially grown tomatoes. Three fixed infestation levels of light, 
moderate, and severe damage based on the number of fruit per plant, 
injury levels (bug-days), and models for estimating the whole plant
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population (Y) are presented in Table 5. The fixed infestation level (X) 
was estimated in reverse by applying a precalculated _Y value into the 
model, where Y=(mean fruit per plant)x (injury level). After the mean 
number of SGSB at each fixed infestation level (X) was obtained, the 
methods described by Wald (1945) were followed to construct the decision 
lines.
The second step was to obtain decision lines for the fixed 
infestation levels (Table 6). The three injury levels per sample unit 
were matched into pairs (light and moderate, moderate and severe) such 
that two pairs of decision lines were obtained. The risks of accepting a 
false lower line (a) and accepting a false upper line (8) were set at 
0.05 for each pair of decision lines. The smaller the risk value the 
wider the gap between the two decision lines, indicating that the chance 
of making a wrong decision will be reduced. Furthermore, the risk levels 
need not be equal for upper and lower lines and can only be justified 
when the cost of control and the market value of fresh market tomatoes 
in different seasons are known. However, the 0.05 risk value is 
reasonable for pest control appraisals (Waters 1955).
The sampling plan based on the whole plant as a sample unit had a 
higher slope and intercept in both decision lines compared to plans 
based on fruit clusters. This difference was due to the fact that more 
SGSB were sampled from whole plants than individual fruit clusters. Use 
of the fruit cluster as the sample unit is more practical because it 
requires considerably less time to sample plants. The decision lines of 
light and moderate infestation levels were similar in both slope and 
intercept among the three plant stages. The slope of the decision lines 
of moderate and severe infestation levels in the 4-cluster stage were
Table 5. Mean number of R. viridula at fixed infestation levels of light (grade 1), moderate (grade 2), 
and severe (grade 3) damage to lots of fresh market tomatoes based on sampling from the 
penultimate fruit clusters.
No. of Mean Fruit Mean SGSB at Infestation Levels (X) Models for Estimating
Plant Stage Sampled Fruit/ Cluster Injury Level (bug-days/fruit) Y by X from Preferred
Plants Plant Sampled Light(1.3) Moderate(1.8) Severe(2.4) Sampling Stratum
2-Cluster 94 10.8 1st 9.4 13.5 18.5 Y = 1.737 + 1.309 (70
3-Cluster 127 11.7 2nd 7.6 10.8 14.6 Y - 1.216 + 1.837(X)
4-Cluster 35 14.2 3rd 9.7 14.4 20.0 Y = 3.536 + 1.526(X)
All Stages 156 11.4 penultimate 8.6 12.3 16.9 Y = 1.931 + 1.507(X)
a Y = (mean fruit per plant) x (injury level).
oo
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Table 6. Sequential sampling plans of _N. viridula on fresh market 
tomatoes, 1985.












light-moderate Y = 17.42(N) + 50.95
moderate-severe I  = 23.69(N) + 74.35
light-moderate Y = 11.16(N) + 32.46
moderate-severe I  = 15.74(N) + 48.44
light-moderate Y = 9.05(N) + 28.54
moderate-severe I  = 12.54(N) + 42.34
light-moderate Y = 11.78(N) + 30.81
moderate-severe I  = 16.95(N) + 49.37
light-moderate Y = 10.26(N) + 30.67
moderate-severe Y = 14.35(N) + 44.87
a Lines with positive intercepts are the upper lines (6=0.05), lines 
with negative intercepts are the lower lines (a=0.05), Y_ is the 
cumulative bug-days, and is the number of sample units sampled.
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the highest among the three plant stages, indicating that more clusters 
need to be sampled in the 4-cluster stage to reach a decision.
The slopes of the decision lines using the penultimate fruit 
cluster as a sample unit regardless of plant stage for both light and 
moderate, and moderate and severe infestations were similar to those 
obtained in individual plant stages, indicating that sampling directly 
from the penultimate fruit cluster regardless of plant stage is an 
efficient method of classifying infestation levels. Furthermore, 
sampling would be simplified because the same plan would be used for all 
plant stages (Fig. 1). The interaction term bug-days is a combination of 
SGSB density and feeding duration. Thus, the projected feeding duration 
has a strong impact on damage. In sampling SGSB on the penultimate fruit 
clusters, the estimated density must be multiplied by the projected 
feeding duration to obtain an estimate of actual bug-days.
A direct visual count of the penultimate fruit cluster was the most 
efficient and reliable sampling technique for assessing SGSB populations 
on fresh market tomatoes. Estimates of the whole plant population of 
SGSB can be obtained with these counts. This sampling method can be used 
to accurately monitor SGSB populations on fresh market tomatoes 
throughout the growing season without damaging plants. A sequential 
sampling plan applicable for all plant stages was developed using the 
penultimate fruit cluster as a sample unit. The sampled number of 
bug-days is based on both SGSB density and a projected feeding period of 
one or more days. As the projected feeding period increases, the 
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100-
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Figure 1. Acceptance and rejection lines of the sequential sampling plan 
of tl. viridula on fresh market tomatoes using the penultimate 
fruit cluster as a sample unit across all plant stages.
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